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The tzchnology-intensive componant of trade has heen an extramely
difficult concept to measure gquantitatively. Mevertheless, three
techniques have besn developad to dafine technclogy intensive trade,
all of which have contributed o the anaiysis of fne U.S
competitive situation. This report has attempted to aveoid gntering
a debate concerning the best identification technigue, while
remaining aware of the problems associated with each. The purpose

of the report is to assess the competitive situation of both
products and industries which have been shown as technology
intensive by all methods. In addition, since the report takes Bboth
a product and an industry perspective it was necessary to use
several of the identification methods to acquire a complete picture
of the competitive situation. Finally, as tne data in the
statistical appendix illustrate, the general trend of deciining U.S.
competitiveness is shown to exist using any of the definitions of
technology intensity.

No single definition of high technology trade has been shown to be
the best or most definitive for several reasons. The question of
what can be considerad the best proxy for technology intensity nas
vet to be resolved: RO expenditurss, and scientisis and engineers
in the workfcrce are only nroxies for technology intensity.
Additionally, even at their most disaggregated leve!l

frequently contain both tachnology-intensive and ncn-technology
intensive goods. The very nature of technsiogical change, also,
orecludes a final definition of specific goods or industries as high

technoiogy, as the situation is constantly changing.

The definition of what constitutes technology-intensive trade nas
been a subject of controversy since the mid 1970s. The search for
an appropriate U.S. policy concerning international technology
transactions, which has continued since the late 1960s, servad as
the impetus for -several studies concerning the effects of technology
on ‘trade. These studies have developed three technigues for
identifying technology intensive activities and have been the source
of debate concerning which method presents the best measure of
technology intensive trade. Two have identified technology-
intensive trade on a product basis and one has -identified it on an
industry basis.

It should be noted that the R&D data available requires that
industries or products must be considered at a fairly aggregated
level. Consequently, some specific sub-industries which are really
of a fairly low technology intensity are included in the

definition. Also, some specific high technology industries are -
sxcluded. Detailed indusiry examinations -- such as those discussed
in Appendix C -- should, thcugh, consider specific high technology
industries (for instance, robotics and computer-related machine
tools) which are excluded from the aggregate definitions made for
trade data purposes. ;




A-3

INDUSTRY BASED DEFINITION

M. Boretsky (1974, 1982) developed an industry-based definition
(COCY) of technology-intansive trade. Boretsky used industry R&D
expencitures as a percentage of industry value added, and industry
employment of scientists, sngineers and technicians as a proportion
of the industry workforce to determine which industries wers
technology-intensive and a sub-group which were considered high
technology. Since he used an industry basis, the definition did not
differentiate between the technology-intensive and non-technology
intensive products within each industrial sector.

Industiries generally produce a wide range of products which will
fall in both the technology-intensive and the non-technology
intensive categories. In spite of this, the Boretsky definition has
been useful in identifying which industries can be considered to be
high technology industries.

PRODUCT BASED DEFINITIONS

In order to account for the wide range of products produced by any
one industry, R. Kelly (1974, 1977) devaloped an index of
technology-intensity on a product rather than industry basis. Kelly
used applied R&D expenditures by product field and the vatue of
product shipments to devise intensity ratios. After the products
were ranked by their "intensity," they were then dividad into

. technology classifications. Kelly, somewhat arbitrarily, selected
the first quartile of R&D intensities as high technology goods
(19743, but later defined product groups with above average R&D
intensities (DOC2) as technolegy intensive.

- Aho and Rosen (1980) essentially used Kelly's technique to determine
which product groups were technology-intensive. They used more
recent R&D expenditures data and shipments data on a product Tine
basis to deveiop an intensity index. After ranking the product
groups by intensity, they also identified product groups with above
average intensities as high technology products. In order to
facilitate international comparisons, Aho and Rosen concorded the
U.S. data with trade data classified according to the Standard
International Trade Classification (SITC). - The concordance was a
particularly useful contribution as foreign data has been available
on a SITC basis only (the Kelly definition has also been concorded
to SITC). '

In a recent study, L. Davis (1982) developed a technique using
input-output (I-0) analysis, and R&D expenditure and shipments data
by product group to calculate a technology-intensity index. Basad
on the belief that the total R&D embodied in a product group
presented a more accurate measure of technology intensity, Davis
used an I-0 matrix to determine the value of R&D embodied in the
products (inputs) used to produce the product in question, and the
percentage of that value which was contained in the final product.
The value of the indirect R&D (R&D contributed by inputs) was then
combined with the value of the direct R&D (R&D expenditures directly
on the product development) to find total R&D. Davis nex* ranked
product groups according to their total R&D to shipments intensity.
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He than made another break with tradition by designating goods as
high technolegy products (DOC3) oniy when they showed a
significantiy greater R&D intensity, rather than simply an above
average R&D intensity.

Two consumer product groups, autcmobiles and radio and fe
receivers, were axcluded from the high technology progucts
analysis of international trade performance in this report. Though
including these two product groups would have revealed an even
larger detericration of the U.S. position, tne evidence supperting
their inclusion is ambiguous. Neither the BOC2 nor the DOC3
definitions identifisd automebiles as technology intansive and
recent, more disaggregated R&D expenditures data show radio and

tolevision recaivars to he helow average in tachnology intencsity.
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DCC! DEFINITION OF HIGH TECHNOLOGY INDUSTRIES

digh-Technology Incustries!

Description _ SIC? Number
(1) Drugs and medicinals......ovuenune oo 283
(2) OGOffice, computing, and accounting equipment............ 357

(3) Radio, television, and communications equipment,
and electronic components:
Radio~ and TV-receiving esquipment, excent

communications typesS. .o 365
Communications equipment. . .. ... .. . ... ... .. ... .. ... 266
Electronic components and accessories................ 367

(4) Electrical apparatus and equipment:.......... ... ....... 36

(excludes categories 365, 366 and 367)

{(53) Aerospace and missiles:

Alrcraft and parts. ... . i 372
Guided missiles and spacecraft. ... ... ... ... .. .. .. ... .. 376
. (6) Instruments and related products.................... ... 38

TECHNOLOGY-INTENSIVE INDUSTRIES®

Description ' SIC Number
(1) Chemicals and related products......... e e 28
(2) Nomelectrical machinery......... i ce...35
(3) Electrical and electronic equipment.................... 36
(4) Transportation equipment, missiles, and ordnance....... 37
(5) Instruments and related products....... e 38

i . 4 ‘: IA-RDP84B00049R001700240014-8
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- As a gennra] proposition tecnnology-intensive industries are
dafined as those indusiries which normally spend 5 percent or
more of their gross product {BEA concept of value added’ on R&D
and/or normally § percent or morz of their total amployment
copcists of “matural” scientists, enginesers and tschnicians.
Yigh-technology industries normaliy spend at least 10 percent
of their gross product (value addesd’ on R&D arcfor at least 10
percent of their total enploynant con51sts of "natural

.scientists, engineers and technicians.

Standard Industrial Classification

Includes industries classified as high technology.

SOURCE: Boratsky, M., “The Threat to U.S. High Technology

Industries: Economic and National Security Impiications,
Draft, International Trade Administration, U.S. Department
“of Commerce, March 1982.
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DOC2 DEFINITION OF HIGH TECHNOLOGY PRODUCTS

. Description SITC' Number
(1) Alrcraft and parts (SIC 272):
Aircraft engines includes: internal
combustion engines, and jet and gas
turbines for alrcraft. ..o 711.4
Aircraft includes: Aircraft, heavier-than-
air; airships and balloons; and parts of
aircraft, airships and balloons................... 734
(2) Cffice, computing, and accountlng machines (SIC 357
Cffice machines includes: typewrifers and
check writing machines; calculating, accounting
and similar machines (includes electronic
computers); statistical machines; and office
machines and parts not specified elsewhere........ 714
) reighing machinery and weights therefor............... 719.63
(3) Electrical transmission and distribution equipment
(SIC 381, 362, 266 & 387:
Electrical power machinery and switchgear........... 722
s ‘Telecommunications equipment: not elsewhere
specified, includes: electrical line and
telegraph 2quipment; microphones, loudspeakers
and amplifiers; and other telecomanxraflons
qUIDMEN T . L e e ee.... 7289
Thermionic, etc., valves and tubes, photocells,
transitors..... ... ... [P 729.3
Electron and preoton accelerators. ... ... euunenn.... 729.7
Phoncgraph records, recorded tapes, and other
recorded media................ e et 891.2
(4) Optical and medical instruments (SIC 383-387):
‘Pharmaceutical goods....... e e e, el . 8419
Photograph1c and optical goods watches
and clocks.......... e e ceees....B86 (oX=
' cluding 861.8
and 861.9)

(5) Orugs and medicines (SIC 283):
Med1c1na1 and pharmaceutical products ............... 541
(Does not include 541.9) .
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Description SITC Numper i
(63 Plastic materials and synthetics (SIC 282):
Plastic materials, regenerzted cellulcse,
AR PRSI NS s et e 281 :
Yarn and thread of synthetic fiders......... ..ot 651.6
(7> Engines and turbines (SIC 35T):
team engines..... e et te e s 711.3
Internal! combustion engines (other than
For aircraft) . i e 711.8
Gas turbines (other than for aircraftd).............. 711.6
Engines not specified elsewhere..................... 711.8
(8) Agricultural chemicals (SIC 287):
Manufactured fertilizers. ... .o 581
Insacticides, fungicides, disinfectants
and similar preparations......... e 599.2
(9) Professional, scientific, and measuring instruments
(SIC 381 & 382)>: )
fiactrical measuring and controliing
instruments and apparatus........ooovin i 729.5
Metars and counters, nonelectric...... ... .. ... ..... 851.8
Measuring, controlling, and scientific
. instruments, not specified elsewhera.............. 8561.9
(10} Industrial chemicals (SIC 231):
Chemical compounds and elements. ... ........ ... .. 51
Synthetic organic dyestuffs, natural
indigo and color lakes.......... e e 331
Synthetic tanning materials........... ...t 432.3
Coloring materials not specified elsewhere.......... 533.1
Essential oils and resinoids....... ..ot 551.1
) (11) .Radio and TV receiving equipment (SIC 365):
Television broadcast receivers..... e 724.1
Radio broadcast receivers.... ..o, 724.2
Phonographs, tape recorders and other
sound recorders and reproduCersS. ... 891.1

! Standard International Trade C]assification,‘Revision 1.

NOTE: Kelly did not include the portion of guided missiles and
spacecraft found in ordnance and accessories in the
definition of high tachnology products, as these products are
not included in the U.N. classification of manufactured
products (SITC 5-8). Aircraft and parts (SITC 734) do
include products ralated to spacecraft. .

.
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’ SOURCES: Keliy, R.K., "The Impact of Technoiogical Innovation on
b Internaticonal Trade Patterns,” Office of International
tconomic Research, U.S. Department of Commerce, Decamber

1077,
jonal Trade
|

United Nations, "Standard Internat
o Papers Series M

Classificatioq Revised," Statisti
No. 34, 19581,
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DOC3 DEFINITION OF HIGH TECHNOLOGY PROBUCTS

Guided missiles and zpacecraft. ... ... .o i, 376

—~
—
e

(2) Communications cqulpmcnt and electronic

componants:
Radio- and TV—rec91v1ng equipment, except
commuUnications TYDES .ttt e 385

Communications equioment. ... . i, 388

Electronic components and accessories.............. 367
(3) Alrcraft and parts. ..ot i 372
{4) Office, computing, and accounting machines........... 357
(5) Ordnance and accessories, except vehicles

and gquided missiles.............. ... e 348
(6) Orugs and medicines.....ooueuninineiiii e 283
(7Y Industrial inorganic chemicals.... ... i 281
(8) Professional and scientific instruments........... ... 33

(exciudes categery 3823)
(9) Engines and turbines. .. ... . i 381

(10) Plastic materials and synthetic resins,
synthetic rubber and other man-made o
Fibers, except glasS. et e 282 -

’
Ve

' Standard Industrial Classification.

SOURCES: Davis, L.A., "Technology Intensity of U.S. Output and
Trade," Office of Trade and Investment Analysis, U.S.
Department of Commerce, February 1982.

Standard Industrial Classification Manual, 1972, Office of

Management and Budget, 1972.
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APPENDIX C

SUMMARY .OF THE CHANGING COMPETITIVE SITUATION IN SELECTED
HIGH TECHNOLOGY SECTORS
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AIRCRAFT, THE JET TRANSPORT INDUSTRY

aft industiry has traditionally dominated worlc
the mid-1970s, U.S. manufacturers held 95 percant
for airliners. Foreign competition has
e 73, however, and oy 1931 the Eurcpean Airbus had
: ent of the jet aircrafi market. The decline in U.S.
dominance f imarily du° to substantially increased development
efferts by foreign governments and a simultaneous decline in U.S.
govcrwmeﬁu RLD support. The major competitive challenge currently
comes from the turopean consortium Airbus Industries. But, the
Japanese jndustry is rapidly gaining expertise in engines and parts.

) Wi

ROLE OF RESEARCH AND DEVELOPMENT

The nhistorical U.S. dominance of the jet transport market has been,
to a large extant, the rasult of tachnological leadership. The
expansion of foreign R&D capabilities, much of i1t government funded,
has challenged U.S. technological leadership.

The relative level of U.S. aerospace R&D funding has steadily
declined, while foreign nations have increzased their R2D expendi-

tures. Although 1nduerv—andad R&D has increased, it accounts for
only one-fourth of total aercspace Q&D :x“endlLures and could not .

compensate for the decline in federal funding. The average annual

level of U.S. government-sponsored R&D was 32 percent lower in the

19705 than in the 1950s. The decling continuad in 1880 when totfal

i1.S. expendizuras fa2ll 13 percent from thair 1973 levals

INCREASING COMPETITIVE CHALLENGE

In 1979 the Airbus was second to Boeing in sales and had as many
orders as McDonnell Douglas and Lockheed combined. The consortium
is composed of Aerospatiale of France, Deutsch Airbus (MBS and
VFW-Fokker) of Germany, British Aerospace and CASA of Spain. MWith
the exception of Fokker, all of the ccmpanies are fully or partially
government owned.

Both the German and French governments have heavily funded the
Airbus program. ' The Germans estimate they will have to invest over
$1.1 billion through 1985. The Ffrench government had invested one
billion dollars through 1980, and has budgeted $1.2 billion in
additional funding through 1985 The Chairman of Fokker summed up
the Airbus dependence on government funding in the July 1979 issue
of Interavia magazine: "It's a delicate subject - Airbus. It's a
successful aircraft, but it requires basic support from the German
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and French governments. As vou have written yourself 10 miilion
Deutsche marks ($4.2 million) per aircraft.™®

The U.S. industry faces strong competition for the jet transport
market of the 1980s. To meet the expectad demand of the next decade,
U.S. companies are offering a mixture of new designs and advanced
versions of existing designs that incorporate the most advanced
technology. Europe's Airbus will launch two new models which, in
tight of recent Airbus successes, must be expectad to be highly
competitive. Moreover,:as the highest growth marksts are predic¢ted
te ba outside the United States, this could prove to be an asset for
foreign manufacturers. ’

An additional challenge can be expected from Japan in the future,
though largely in parts and engines. The Japanese are currently
invelved in numerous joint development and production programs with
major U.S. and Europsan manufacturers. Involvement in these
programs has enabled the Japanese to acquire the state-of-the-art
expertise necessary to increase their role in the market in the
1980s.

g
t

ADDITIONAL REFERENCES: Bureau of Industrial Economics. |
Industrial OQutleok. U.S. Departmen
Commerca, 18382.

Civil Aviation Advisory Group Aerospace
- Technical Adviscry Council. "The Challenge
~of Foreign Competition to the U.S. Jet
- Transport ManuTacturing Indusiry," Aerospace
- Industries Association of America, The
Aerospace Research Center, Washington, D.C.,
December 1981.
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Space commercialization is a matter of esconomic necessity. Yet the

Unifted Sta tes’ lead in spnace is slipping. The U.S.S.R. launches .
many mora vehiclas each year than the United States. France, in

cooperation with its Eur opean neighbors, is rapidly deveicping a .

launch capabiiity that directly challenges the United States

monopoly in launching comnunication sate1|1tes, the only current

area of space activity that is commercially self-sustaining. Most

of the satelld tes themselves are still made by U.S. companies, in

part because of the tie-in with U.S. launch vehicles

Space launch activity in the United States has been and is the

province of the U.S. government. Civil Taunches are handled by %

National Aeronautics and Space Administration (NASA), and militar

launches ars the resgonsibility of the Air Force. Although the ¢

U.S. manned space activity in the near future will be the use of

crews on the Space Shuttle, nlanning has begun for the establishment
a permanent manned presence in space.

COMSAT was created hy statute to move the commercializaiicn of space
communications into the private sector. COMSAT is 2 member af
INTELSAT, the international communications sateilite consortiu
Commercializaticn has been largely successful, with the zaunch of
those satellites dapendent on NASA. Indeed, NASA has handied almost
all c¢ivil space launches cutside of the Soviet biocc countriszs. This
near-menopoiyv of sarvice is end1“g INTELSAT has already scheduiad
satollxtcs for ltaunch on Europe's Ariane vehicie ia the mid-1980's,
s have two U.S. firms.

The European Space Agency (ESA) was created as the European answer
to NASA. As of the end of 1380, only one European-iaunched
spacecraft had attained earth orbit or beyond, while 756
J.S.-launcned spacecraft attained earth orbit. The number of U.S.
launches has fallen steadily -- from 26 in 1976 to 13 in 1380.
Japan, on the other hand, has launched at the increasing rate of 1,
2, and 3 per year; and Europe, with its Ariane launch vehicle, is
also increasing its commerc1a1 as well as military launches each
year.

The Space Shuttle will carry national security payloads that may
- ¢laim priority on the basis of national security requirements.
Normally, payload launch dates are negotiated on a f1rst come,
first-served basis.

The estimated requirements for space launch services by the mid-1980s
will exceed the capacity of the available shuttles by a factor of
two. An understanding of this problem has surfaced outside the
United States, and the French have gone on a marketing campaign to
secure the overflow traffic for Ariane launches.
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Al a time of inc
nes

ng space commerciaiization, the United States
stands in an u a

bDie competitive position, attributabls 1o:

o phasing down U.S. dependence on expendabie launch
sarvicas;

0 a potentially inadequate capacity to meet future demand
for space launch services, whether military or civil in
nature; if expendable launch vehicles are phased out and
no additions are made to the Shuttle fleet;

o high-priced expendable launch services because of the
full cost recovery policy and because improvements to
expendable launch vehicles have slowed. The latter is
the result of the assumption that all launch services
would be handled by the Shuttle at reduced launch costs
per satellite;

0 french Goverpment economic policies and subsidies, which
result in orices for Ariane expendable launch services
be1nq rouahly 20-25 percent below the prices quoted by

NASA for commercial expendable launch vehicles and
:ervw;e>, but above quoted Shutiles prices;

o Arianespace, an independent guasi-commercial

. organization, can offer financing terms more favorable
to the customer than those prasently available through
NASA; :

0 the French plan for rapid evelution of the Ariane launch
vehicle to meet future needs of the commercial satellite
industry;

O the Japanese pattern of putting up satellites, quietly,
with little fanfare, aided in part by the transfer of
Delta launch vehicle technology. In time, they could
assume a launch support role for commercial satellites,
but our agreement with Japan includes prohibitions on
their competitive activities for launch services
suppliable by U.S. system.

ECONOMIC IMPLICATIONS

Pricing of U.S. launches is artificial, set by Government policy
rather than as the result of private negotiation between launch
customer and commercial launch vechile supplier. U.S. companies
will secure the services needed for commercial launches on the basis
of price, 1ift capability, and launch date. :
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U.S. Shuttle launches will be used first by the military and other
U.S. Government agenc 5. As for commercial payleads, thera i3 some
conce*n about schedule preempiicn by military payleads (for national
security) and, as the French develop a reputation for the launch
sarv::e. more satallite owners, U.S. and forsign, will begin to buy
such services oversgas. 7Tnis has sarious potentia1 implicaticns for
the multi-bitlion doliar satelliie consiruction business, now
dominated by U.S. companx 3
U.S. Government pelicy and bucge+ constraints have limited the spesed
of commercialization of space, in part because of pressures on the
NASA budget. Commercial launch vehicle services are available only

through NASA and the enormous cost and technical risk of space
commercialization has deterred investment by the private sector in

other areas, except in cooperaticon with covarnmen+ Although
several ventures to provide launch sarvicas «ommorczaxlv have been
proposed -- both for opsration of the Shuttie and for expendabie

‘Jaunch vehicles -- it -is unlikely that the pr1vate sector could
enter the commercial market in competition with NASA.

ROLE OF NATIONAL GOVERNMENTS

.

In France, the governmen®t assumes the responsidility for Basic

research and scme appliication development. Wnan the noint of

commercialization arrives, the techncldgy is turned over to the
- quasi-public companies for marketing, ‘Str:outlon and overall -
commercialization. Arianespace has stockhoiders from severai
als

governments in Eurcope, pius private individu , private firme, and
private bhanks.

In the United States, launch vehicle services (except for upper
stages) are totally hand]ed by the Government, using the
manufacturers as orime or subcontractors to provide the mechanical
services needed for specific launches. Although production and
sales of communication satellites are totally commercialized, the
companies have little, if any, role in either developing
evolutionary/revolutionary launch venhicles or in pricing vehicles
and services, except for upper stages. Other areas of space
commercialization remain to be explored.

ADDITIONAL REFERENCE: Office of Technology Assessment,
Civilian Space Policy and Applications,

Congress of the United States, 1982.
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The United States retains broad leadership in ¢
software production and technology. The high g
computer industry today are personal compute
software, and services..

owth areas 1n *hn
office automation,

HARDKARE

While mainframe production is dominated by relatively few large
companies, many smailer companies have entered the smaller, personal
computer market. Many of the larger companies are also giving added
emphasis to the micro- and minicomputer market, where growth rates
are well above those in the mainframe sector.

The major foreign competitor in computer hardware is Japan, whose

companies have products competitive with a range of U.S. equipment,
including large scale general purpose processors, magnetic disk
storage and printers. In the large scale systems sector, Japanese

firms have- produced equipment equalling or exceeding U.S.
capabilities, relying on their growing strength in high speesd logic,
and memcry components.

Japan has targetad the large scale scientific
so~cailed supercomputers, where U.S. firms hav
feaders. The ieading Japanese compuier firm r
supercomputer which it ciaims rivals the perfo man
eauioment The Japanese began a 10- year joint gov
ffort to produce a “Sth generation” computer syst
hope to leaprrog U.S. leadership in computer techn
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SOF TWARE

Despite impressive growth in sales over the past few-years, software
productivity has not kept up with the expanded use of computers,
espec1a11y microprocessor-based systems. Software now accounts for
a growing percentage of a typical computer's cost, while hardware's
share, which used to account for the bulk of a system s cost, is
steadily declining.

A shortage of workers with key skills has been an important
~contributor to the rising cost of software. A 1981 study reported
54,000 job openings for graduates with degrees in computer science
but only 13,000 graduates with the necessary skills to fill those
positions.

- There have been significant changes in the software sector, which
may help ease the software bottleneck. For example, in the
microcomputer sector, there are now several standard operating
systems and high-level programming languages that a growing number
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of suppliers are implementing on their equipment Softwarg
oroducers are alsc able o increase their efficiency by using 2
range of programming and automated sofiware cdevelopment. ine _
Japanssa, who traditionally have lagged behind the U.S. indusiry in
sc%tware, have increased their research in this sector, aided oy

government funding.

ADDITIONAL REFERENCES: Bureau of Industrial Economics, 1982 U.S.
Industrial Qutlock, U.S. Department of
Commerce, 1932.

Science. Vol. 215, Februyary 12, 1982,
American Association for the Advancement of
Science, Washington, D0.C. This issue is
devoted to computers and electronics.

Approved For Release 2007/04/04 - ClA-
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OVERVIEW |

Semiconductors, devices which modify electrical ¢igna,s. are
essential in industrial._slectronic equlnment (37% of 1579 saies that
amounted to 3$10.5 tillion), computers (30%), consumer electronics
(22.5%), and military systems (10%). The motivating power of the
industry's growth is in integrated circuitry: without technological
growth in integrated circuitry, there would be littie growth

~elsewhere. Integrated circuits are produced principaily in the

U.S., Britain, France, West uermany, and Japan.

The industry's firms in the U.S. are comprised of merchant firms
that produce advanced intcgraued circuits and customized 1ntegrated
circuits, and IBM and ATT which produce samiconductors only for
their own consumption. The concentration of U.S. industry has not

" changed substantially: twenty firms have accounted for about 80% of

sales in the last couple of decades (there has been a large turnover
in the twenty). In Europe and Japan, the great share of

sémiconductor production is by mutliproduct firms similar to General
Electric

In Japan, six firms accounted for 79% of sales in 1979, and in
turope, the industrial concentraklon appears similar. Both Japanese
and Eurcpean Tirms have acguired part ownership.oF U.S. firms io
facilitate markst 2ntry and technology transfer. Most of the
technoiogy growth in the industry has occurred in 1nLegrated
circuitry and has had major impacts upon equipment in the four sales
markets.

Major product innovations have been and continue to be the
increasing density of the circuits (VLSI), the metal oxide
semiconductors having favorable electrical properties, and
increasingly efficient production techniques.

Moore's Law, valid since the mid 1960's, says that integrated
circuit function density doubles every year with an associated
decrease in cost of about 30%. For each chip density there is a
similar "learning curve" showing the rapid rate at which lowest
practicable unit cost ‘is achieved. Given Moore's Law and the

‘learning curves, it may be possible for a set of colluding firms to

practice predatory pricing to exclude other firms once they have
gained market dominance.

The United States' share of world shipments of inteqrated circuits
held nearly constant in all markets in the period 1978 to 1981. A
world production of integrated circuits was over $14 billion, a
doubling since 1978. In this latter pericd, the Japanese share of
market had somewhat declxned from 18% to 15%.
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A major threat has been posed by Japan's capture of 40% of the 18K
random access memory (RAM) market, early introduction of the 64K
RAM, and strong positions sstablished for the 258K RAM in the metsl
oxide semiconductor markets. While furopean countries appear to
recognize the importance of the semiconductor tachnology with .
governmental support, their industries are not vet a threat excant
in the specialized complementary metal oxide market.

The competitive threat in the current pericd is from Japan. The
threat posed is mainly to U.S. merchant firms that sell on the open
market and have been major contributors to technology growth. Some
analysts contend -that the major Japanese firms have rationalized
their industry by allocating home markets in electronic devices and
inhibiting both local and foreign new entry. It is claimed that
these firms, using venture capital from these large scale market
sales, and using recent substantial government augmenting research
funds and expertise, have made it possible to target individual U.S.
and world markets.

A major concern is that cooperating Japanese firms would dominate
many U.S. electronic markets. They will then be able to practice a
nrigcing policy that will limit U.S. merchant firms in the world
markets just as U.S. industry appears to be limited in Japan. Large
S. firms have made major contributions to the semiconductor
market, but technology growth would have been much stower without
tribution of the open market firms. Thus the siowing of
s on the part of the smallsr merc
competition is highly significan

S <
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Monetheless, the U.S. merchant firms are not stagnating and appear
determined not to aliow a repeat of the 16K RAM market loss. An
indication of this is seen in recent expenditures on semiconductor
nlant and equipment. The ten largest Japanese firms have spent $500
million in 1980 and $775 millicn in 1881 (about 18% of sales). The
ten largest U.S. merchant firms have spent correspondingly, $910
million in 1979 and 1.2 billion in 1980.
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advanced rapidly
ing number of appli
ver conventional wi
carrying much more oata.than wire of comparabte size. they
weight, non~conductive, neither create nor are affected by
electromagnetic fields, and cannot be tapped without the risk of
immediate detection. Some of the applications of fiber optics
include high-density talephone transmission, computer and data
transmission, office automation systems, and home video systems
(¢cable television, videopnone, and closed-circuit television).

FIBER OPTICS SYSTEMS

In a fiber optics system, puises of light are transmitted thruugh
hair-thin optical glass fibers. There are three compcnents of the
system: light source, transmission medium, and detectors. The
light source is usually a solid state laser (typically made of
aluminum-gallium-arsenide) or-a high-radiance light-emitting diode.
Detectors are either silicon gin dicdes or ava?awche photodicdss.
The transmission medium {s generally glass but plastic-core cables
have been developed for short-distance applications. The costs of

“

fiber optics systems will decrease as thess romoonents become

standardized. For example, in 1980, three U.S. companies deveioped
standardized compenents Tor a Tiber optics system suitable for
short-distance, medium-speed applications. The package of
components cuts the cost of relatively low-performance fiber optics
to that of ¢ nv~ngicna3 congucters.

COMPETITION

The Japanese have been.cited with a lead in light source technology
and application and are competitive with the United States in the
other component technologies. In Japan, MITI has targeted
optoelactronics for rapid development. The Engineering Research
Association in Optoelectronics Applied Systems is the core body for
managing government-subsidized projects in fiber optic and other
optoelectronic R&D projects. These include an $80 million optical
instrumentation and control system project funded by MITI.

The falling prices of fibers and other components will permit more

extensive application of this new technology in the coming years.

Shipments of fiber optics systems and equipment exceeded $60 million

in 1979. ' Increased economies of scale made possible by improvements

in technology and production methods, and the higher degree of ) |
standardization being applied suggest shipments of fiber optic

systems and equipment-should exceed $500 million by 1986.
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BIOTECHNCLOGY

The global research, industrial, economic, social and political

intarast in biotechnology has expandad expenentially since the -
mid-1970s. #ith the possible axception of the Unitad States, most

industrial nations have.developed industriai policies or national

nlans that explicitly sncourage investment and research in
biotechnology. Major areas for application of bictechnologies
identified in naticnal reports include: pharmaceuticals/heaitn,
chemicals, energy, fcod processing, and agriculture.

In addition to national governments' interest in biotechnology,
industy's emohasis in the future on consarving energy, on improving
procass efficiency, on reducing industrial hazards, and, where
applicable, on moving to production of higher value added products
will favor increased use of biotechnologies.

Use of fermentation and other key biotechnology process tools
(enzymes, plant and animal cell cultures, recombinant DNA) will
become indusirial technologies of choice for the production, of
commercial products in the long-term. With the exczption of
fermentation technologies, the United States probably has the
technological leadership in such biotechnological areas as
recombinant DNA and cell culture technologies. Thesa technolo
however, will only serve as tools in future commercial indusiria
)
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¢ critical determinant for the long-range competitiveness
ndustries dependent on this
y in cur technolegical leadership in this area but also

technology. There are gaps
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e manpower available to meet future industrial development ne ds.
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Few of the factors that have affected the international competifive
position of the United, States in other high technology industries
have had an impact on the budding biotechnology industry. Since no
one is yet producing commercial products, such Tactors as
comparative production costs and foreign pricing practices are not
an issue. Capital availability does not seem to be a constraint.
Large amounts of venture capital have been supplied to many small
biotechnology firms in the United States to support research and
product development and testing, even though most of these firms
have yet to realize any sales revenue. However, capital
requirements are expected to increase rapidly as firms progress to
product development and commercialization, a factor favoring the
major drug firms involved in the industry.
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Other industrialized nations are w1lling fo invest in filling the
technoiogical. Teadership voids in biotechnology. The initial cost
of bictechnology research Per ations ars o: great and firms in many
. countries have become involved.
Japan has leading adge and extensive industrial experience in
fermentation technology. HMITI's vision of the 1980s report declareg
2 strategy to deemphasize energy intensive industries and emphasive
high technologies, such as biotechnology. Japan has taken a number

of steps to implement their long-range governmert-xndustry strategy

b1otechnﬂiogj including: (1) establishing a chemizal industry
consort1um in biotechnology, (2) formimg a fourteen-company
b1otechﬁology research organization, and (3) ensuring Japanese
firms' active interast and investment in and estahlishment of
cooperative technology transfer zgreements with U.S. biotechnology
firms.

There is already considerable interest in the industrial potential
for biotechnology in furope. West German industrial firms began to
make substantial. investments in this area in the early 19705 and
West Germany is presently the technological leader within the
turopean industrial community. Competition will iacrease for nest
Germany in Diotecnnology, however, as iraditional Zuropean
industries suffer economic difficulties over the naxt decade and
transitions are made to high valus added ﬁwdus‘“iﬂl nroducts.
ELropean firms have been slower to invest in U.S b‘o ecﬁnOIOQy
comganies. However, E1F Acguitaine has recenkev /e j
i

3
ii ‘(
Engenics, a biotechnology nrocess enginsering R&D ‘i

sted in
.
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PHARMACEUTICAL INDUSTRY

The pharmace
technology §
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American firms dominated world pharmaceutical markets between 1340
and 1960, acccounting for the vast maJorxtj of ressarch efforts and
new products, produced over half of world pharmaceutical, and
controlled one-third of internaticnal trade in medicina]s.
Since the esarly 1960s, the U.S. share of world pharmaceutical
research, innovation, production, sales, and exports have decli
Additionally, the number of U.S. firms that are active parti c1panL
in the various ethical drug markets have been constant or declined
relative to their foreign counterparts since 1960.

t-O.

DECLINE IN INNOVATION

Patented drugs rapresant the driving force of the modern
vharmaceutical industry and are responsible for the spectacular
growth in sales since 1840. Mcdern pharmaceutical firms depend on a
small handful of successful innovations for the buik of their
oositive cash flow. £¢ mpntit' ;e advantage in sales of patented
drugs, oy far the most Tucrative segment of the industry, depends on
the apility of the firm to proddce a slow but steady stream of
commercially succassful new products through industrial inncvation.

The process of pharmaceutical innovation is characterized by
substantial risks. This is, in part, a result of the lengthy time
frame--sometimes approaching fifteen years--from initiation of basic
research to the commercial launching of a new product. MHhile
U.S.-owned firms' expenditures for pharmaceutical research at home
and abroad are large and growing, they have not increased to the
extent where they can match the exceptional expansion of
foreign-owned research efforts. The share of world pharmaceutical
research located in the United States remains the largest, but has
fallen from about two-thirds in the early 1980s to above one-third
today. Research expenditures have grown faster throughout the
period in Japan, West Germany, and the United Kingdom.

Levels of innovation in the industry have been, at best, stable for
the last two decades but have sharply dropped from the levels of the
1950s. .The average cost per innovation has risen drastically in the
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in pursuit of new drug: The inevitable consequence has be
worldwide deciine in introduction rates. Yet, foreign leve
innovation have declined less severely since the 19505 than
Tevels

Two basic¢ changes in the structure of the wor
industry L~=v== avolved during the past two daca
cun:eﬂtrs ion of innovation among larger firm
internationalization of the industry. The hi
innovation for smaiier firms render small-sca - vperations
relatively less productive per dollar spent and, hence, less
‘profitable. A consequence of this development has been the
declining significance of smaller firms in the pharmaceuticai
innovation process.
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T t rate abroad. Growth rat
.S.~ounad firms excesded those of
gn production accounting for 40 percent of
taj in 1978,

Pharmaceutical produc*s have traditionally provided z.surnlus for
the U.S: trade balance. Yet, this surpius in absolute terms is not
significantly greater than those of Switzerland, West Germany, or
the Unlted Kingdom, who export a Jlarger percentage of their
production than the United States despite the substantially larger
level of U.S. production. This Tower level of exports as a
proportion of domestic production provides the United States with a
comparable share of world pharmaceutical exports, a share which has
markedly deteriorated since 1950. In part, the low proportion of
pharmaceutical preparations production devoted to exports is
associated with the relatively more extentive multi-national scope
of U.S.-owned firms, which has resulted in significant exports of
médicinal chem1ca]s. Equally important is the traditional relative
unimportance of exports to U.S. producers, as may be seen by a
comparison of total U.S. exports to GNP. From this perspective, the
U.S. pharmaceutical industry is typical of other sectors of the
American economy.

BARRIERS TO U.S. EXPORTS

While tariffs are of little consequence to U.S. pharmaceutical
exports, non-tariff barriers most definitely are. The French have a
visa system which, in practice, favors French firms rather than the
affiliates of foreign companies. The United Kingdom, through its



Approved For Release 2007/04/04 : CIA-RDP84B00049R0017002

40014-8

A-B3
arice regulation, gives firms an incantive to perform R&D there
instead of in the United States. But in genseral, the most important
barrier to U.S. exports is FDA reguiaticns rnreventing the export of
any new drug until it has been approved for sale in the United
States. This appiies even if the product has besn formally approved
for marketing in the importing nation. With the dalays that occur
in cbtaining FDA approval, U.S. firms have mora incentive (O manutac~
ture new drugs abroad
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- INDUSTRIAL ROBOTICS

Industrial robet manufacturing has experianced rapid growth during

. the past two years, and indusiry observers project avarage &ﬂﬂbq
growth rates of 35 percent or more durin g the coming decade. The
Tirst industrial robot was developed in the United States about
1860, and the United States continues to be the world leader in
research and design. But in’ the past decade Japan has far surpassed
the United States in both the production and use of robots.

Tne U.S. robotics industry has been dominated by two firms --
Unimation and Cincinnati Milacron. Together they accounted for

apout 70 percent of U.S. robot sales in 1980. With the entrance of
several new Tirms into the industry, however, this share is esxpected
to drop to 50 percent in 1982. The past two years have seen a
tremendous upsurge in interest in robots. There has been a dramatic
increase in the corporate membership of the Robot Institute of
America, the industry trade association, from 45 in 1979 to 172 in
1981. Several U.S. firms (General Electric, Westinghouse, Automatix,
and others) have concluded licensing agreements to market robots
built by foreign companiss~-dest Gesrman, Italian, Swedish, and
Japanese. In the case of at least one of these Firms, Genaral
Electric, licensing is seen as an entrance to the market while work
continues on the development of thei

The pelated but rapidly growing interast in reobots in ths United

States is due in part to the increasing economic justifizaticn for
purchasing robots resuit1nq from declining rotot prices and rising
wage levels in recent years. Reporis by iadustry analysts suggest

that existing and potential robot manufacturers are only awaiting
assured markets before investing in the additional capacity needed
to sustain the surge that is under way.

Capital ava1lab111ty does not seem to D2 a constraint. More than
$30 million in venture capital was channeled into U.S. robot
companies during the past two years. - After the surge of new
producers in the next few years, analysts expect a "shake-out" with
the number of bankruptcies and acquisitions increasing. Survival
- will depend on producers being financially strong enough to develop
- programmable robots or to carve out specialized niches. Prices for
sopnisticated robots will also go down as the result of increased
competition and economies of scale. B8y 1990, according to one
study, almost half of factory assembly operations will incorporate
robot technology, compared with only 5 percent today. -~

FCREIGN. COMPETITORS o S : : i

The first Japanese robots were produced in the late 1950's under
license from American firms. Many of the Japanese producers

o Approved For Release 2007/04/04 - CIA-RDP84B00049R001700240044-8 -~~~
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initially designed and buiit robots for their own use and only iater
decided to market them. Domestic demand has continued to abserd
most of their output, with exports currently actounting For only
about 3 percent. A movement toward increased exports is now under
way and the Japanese Industrial Robot Association projects exports
of about 15-20 percent of total output during the second half of the
1980s. .

Japanese manufacturers have developed robots for a broad spectrum of
applications. The development of their robotl industry was aided by
a much more receptive climate in Japan than in the United States and
by direct government efforts to encourage robot use and support
robotics research. Factors most freguently mentioned are:

o The management of many Japanese companias turned to
robotics during the 1570s as a means of achieving higher
guality (greater precision, lower defect ratas) and
improving productivity.

o Labor in Japan has been receptive to robots because of
the permanent employment policy, ccmpany efforts to |

retrain those displaced, and the fact fhat weorkers shars
in the larger profits resulting from higher productivity.
o The major governmenti actions have been:
2. direct icw-interast loans through the Small Business
Finance Corporation o small and medium-scale
manutfacturers for robot purchases;

b. extra depreciation ailowances on robots--an
additional 12.5 percent each year for three years (a
firm can depreciate 32.5 percent of the purchase
price in the first year);

¢. encouraging the formation in 13580 of the Japan Robot
Leasing Company (JAROL), which is jointly owned by
24 robot manufacturers and 10 insurance companies
(since 60 percent of operating expenses are financed
by low cost loans from the Japan Development Bank,
JARCL can provide very attractive leasing terms); and

d. a major new effort to support R&D in robots--$130
million to be allocated by MITI over seven years,
beginning within the next year, to push the
development of intelligent robots.
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West Sermany has ssveral imporiant robot manufacturers, and the )
govarnment provides considerable supgport for RAD and for the
training of enginearing and technical personne!l Their production
has been primarily for internal consumption and for other Eurcpean
countrizs Faw of the Wesi German robots have rezached the United
States
Italy was one of the earlier starters in robotics, but their
production volume is lcw. The Italian firms Qlivetti and OEA have
recently signed 1i£ens%ng agreements with U.S. firms to market their
robots in the United Stafes :

The major franch re
1ic=nsing agreemen
firmiy behind automa
th=t the governmen
funding related re¢

oot producer 1s Renault, which also has a
a U.S. firm. The French government is

ton and robotics programs, ang it is estimated
ut
n
?.I

CA

ting about $25 miilion per year into
rograms.

m.—~r:j«-|()

The United Kingdom has gotten off to a slow start in robotics,
hampered by union probiems, but has set up a Scientific ﬂé;éarch
Council to focus on this industry.

The U.S.S.R. has an entensive robotics research program, sut s at
least a decade behind the United States in robotics technology. %
is receiving about 100 robots a month from a factory in 3ulgaria.
Poland has a limited research effort and very little production

THE QUTLOOK FOR THE 19803

The wider use of robeis encouraged by government policies has given
the Japanese the lead not only in the guantiiy produced but also in
the range of applicaticns. At present about 55 percent of all
rogots in the United States are used in the automotive industry. In
Japan, about one-third,of all robot shipments have b2en to the
automotive industries, and one-quarter to the electric appliance
industry. In the United States about 49 percent of all robots are
used for welding and painting, and 21 percent for machine tool
loading and assembiy cperations. In Japan the corresponding shares
are 16 percent and 77 percent. The latter two applications are
expected to be the major U.S. growth markets in coming years. That
the Japanese already have product-development experience in these
areas should give them an advantage in the U.S. market.

ADDITIONAL REFERENCES: Sallot, Bernard M. "The Status of Robots in
the United States and in Qther Countries,
paper presented to the Thirteenth Annual
Department of Defense Manufacturing
Technology Conference, November 30 -~

ecember 3, 1981.
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The machine tool industry in the United States is guife small, vei

it is important +o U S. economic and military strength Virtually ’
svery major manufactured product is producad on machine tocis or on

machines opuilt Dy macn!ﬂe tools. Modern and efficieni machine tools

are neaded to meet increased military production demands in {imes of

national emergencies. Many major American industries, such as the

automotive and other transportation industries, are closely dependent

on machine tools for the maintenancs of their aomretztiveness in

domestic and world markets. Increased foreign penetration of the

U.S. market, coupled with a decline in world market share of machine
tools, are sources of concern for the future of the U.S. industry,
in spite of increasing orders and shipments.

LOSS OF MARKET SHARE

The U.S. machine tool industry employs approximately 100,000 persons
and its output is valued at around $4 billion. Two-thirds of the
companies are small, employing under 20 persons. The U.S. . share of
wor 1dwide producticon of machine toclts was arcund 33 pe*ceﬂt in 1687
but dropped pr=c1p1+ou51y to 17 percent in 1971 where it has si
leveled out. MWestern Europe has maintained a steady share between
15 and 20 percent. Japan's share, on tha other hand, © T

et
o3
()
w

rapid increase from 5 uercon* to 13 parcent. The U. S ndustry had
a negative irade balance for trs first f ime in 1978--0y 1980, the
deficit had grown to over $500 million. Imports now account Far 24
percent of u.s. consumption. U.S. exports of machine toois in 1980,
valusd at $748 million, trailed behind West Germany, Japan, Italy,
and Switzerland.

The machine tool industry suffers from highly cyciical demands,

causing periods of "feast or famine. This was especially evident
during the period 1967-1971, when there was 2 drop in U.S. machine
tool consumption of around 48 percent. The industry did not offset

this slow period by increasing its exports into an expanding worid
market. Instead, many companies "retrenched," cutting back on
personnel, capital expenditures, and research and development, and
discarding marginal product lines. However, this resulted in long
lead times, large order backlogs, and therefore, increased
vulnerability to foreign competition.
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NEW TZCHNOLOGIES
Many American tool builders have also faziled to kesp pace with the
oroductivity, quality, and cost savings of their international
competitors Phile many of the new advances in product design and
manufacturing techniques are developed in the United States, our
industry has been less wiiling to take advantage of them than our
competitors. The Japanese study mission of the National Machine
Teol Builder’s Association tcured 13 Japanese factories and found:
"Nowhere in the 13 factories toured by our study group did we see
any unigue manufacturing tochno1egv In general, Japanese machine

tool builders use the same tvpes of machinery to build their products
as in America. However, the equuoment and tnchnology are very
intelligently applied and many builders are lrv¢s.1ng heavily in the
latest fernnolonv to improve productivity further.

Computer numericaily controiled machines (CNCY and flexible
manuracturing systems (FMS) will play a major role in the machine
tool industry in the coming decade. An FMS consists of a group of
CNC tools connected by a mainframe computer. These systems are used
to manufacture a family of diverse parts. The emphasis among U.S.
companies is still on :,hp}s machin
The Japanese, on the cother hand, h
systems as a specialty *o m's_ mar
them an advantage as dem incraa

3, hcwever, rather than systems.
¢ targeted fiexiole manufacturing
t and their experience will give
s in world markets.

ADDITIONAL REFERENCES: Burezu of Industrial Economics, 1982 U.S.
Industrial Outliook, U.S. Department of
Commercs, 1982.

The Japanese Study Mission of the National
Machine Tool Builder’s Association, "Meeting

, the Japanese Chailenge," National Machine
Tcol Builder's Association, Mclean,
Virginia, 1981.
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This appendix provides some background on definitions and Key
considerations concerning innovation. Further background
information can be Tound in the selectad sources discussing the
Innovative process which ars tisted 2t the end of the appendix.

- .

Definitions of Research and Development

The National Science Foundation (NSF), in its surveys of industrial
technoleogy activities, separates the 1nno/at1v¢ activities of firms
into three categories: Basic Research, Applied Research, and
Oevelopment. Basic research is generally considerad to be long-term
in nature, not focused on specific, identifiable short-term
objectives. However, hasic industriai research is ultimately aimed
a producing or improving upon a marketabie product. Applied
research.is more specific and, oresumably, shert-term. Since basic
research and applied research have similar ultimate objectives it is
frequently difficuit to distinguish between the two in industrial
settings.

The NSF definitions of recssarch and development and the three
ategories of R&D activity are:
"Research and He»e?cament - Basic and applied research in the
sciences and engineering and the design and develcopment of
proitotypes and processes., This definition exciudes guality conirol,
routing product festing, market research, sales promotion, sales

- service, rasearch in the social sciences or psychology, and other
acntechnolegical activities or tachnical services.”

“Basic research - Original investigations for the advancement of
scientific knowledge not having specific commercial objectives,
atthough such investigations may be in fields of present or

potential interest to the individual company."

"Applied research - Investigations directed to the discovery of new
scientific knowledge having specific commercial objectives with .
respect to products or processes. This definition differs from that
of basic research chiefly in terms of the objectives of the

individual company."

"Development - Technical activities of a non-routine nature
concerned with translating research findings or other scientific
knowledge into products or processes. Does not include routine
technical services to customers or other activities excluded from
the definition of research and development given above." )

Innovation

Industrial innovation is.generally defined as the initial commercial
application of a new product or process. Innovation encompasses
Cchanges in either product features or production processes to reduce
costs. For our purposes, innovative behavior can be considered to
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include both inncvation by a firm itseif and the adoption and
improvement of innovations made by others. The activities leading .
+5 innovation involva a long-term process incorporating the various
stages of rasearch, development, capital investment, and
commercialization 7

rs In the Innovative Process

Innovation by a firm is influenced by both internal elements and
conditions outside the firm that arov*de it with opportunities or
constrain its behavicr. The government, rather than individual
firms, has principal influence over the externail elements.

Major External Factors -- Important external factors have been
identified to inciude the foliowing:

o The technclogical hase: The statz of overall kneowledge in
the esconomy, the flow of scientific and technical manpower to
industry and the amount of on-going basic research in
government and academic institutions.

damand and investment

o QOversll economic conditions: Agqregate
rates, which tand o promote or restrict innovaticn, and
offect the rate of adjustment--particularly of labor--to
technological change.

o Price stebility: Ratss of inflation and financial market
volatility which can particulariy affeci innovation. (Under
high infiation Firms show preference For short-term, iow-risk
investments rather than radical innovations with risky and
long-term return characteristics,)

o Industry composition: Industry structure in terms of
concentration apnd size of firms which influence whether firms
are large enough or secure enough to carryout.innovative
changes with long-term returns.

o0 Government policies: The government policies affecting
industries, whether targeted to industries or toward other
national objectives. (Government requlations, specifically,

- can cause a concentration on short-term problem-solving.)

o R&D incentives: The degree to which the external economies,
riskiness and indivisibilities in R&D are accounted for.
(Studies of the social rate of return to R&D programs
indicate that the marginal social rate has been very high
versus the private rate -- thus suggesting potential
- underinvestment in R&D.)

Major Internal Factors -- Firm resources and actions at all levels
can have a significant influence on innovation. Important specific
elements include: .

o Corporate goals: Specific objectives concerning the rate of
return, market share, orofit growth, etc., which in everyday
operation guide decisions abcut entering into new products or
processes. :
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‘?_ 6 Firm organization: Degres of vertical infegration and type
and amount of capitalizaticon. (The proportion of debt
‘i relative to equity, cash flow, and size of working capital
all affect the apility to develop new products, new plant and
aguipment, and compete in markefs.)
o The state of internal coordination and communication: Degrae

to which all levels of the corporation focus on the
development and practical application of technology, frem
project selection, technical discoveries, through markating
success.

0 ‘Managerial quality: Level of understanding of tachnological
base of the industry, and ftechnical sophistication of
management. (Managers selected primarily for business and
general management skills may lack appreciation for the
necessity of long-range research and development programs.
For instance, U.S. practices of high-level executives moving
between industries with insufficient time to learn about the
industry's technical base, contrasts with Japan's relatively
tong executive ties with the same firm and the tachnical

4 -
¢l v 3
expertise acquired as a resuit.)

o Company reward systems: Rewards and bonuses basad on
- short-term versus long-term results. <{(Long-term investments
in new and relatively risky tschnologies have little
immediate payoff and will not be encouraged i rewards

emphasize short~-term rasuits.)

Innovation ang Risk

One of the obvious characteristics of the innovative process is its
riskiness. This uncerfainty can be broken down into three primary
categories: (1) the chance that a project will not be technically
- completed, (2) the chance that a product, if technically completed,
will not be commercialized, and (3) the chance that a project, if
commercialized, will not be economically successful.

Empirical investigations of the innovative process provide evidence

- of the risks associated with innovative activities. An early study
by Booz, Allen and Hamilton concluded that 7 out of 8 hours devoted
by scientists and engineers in major firms to technical product
development are spent on unsuccessful projects, and that 5 out of
every 10 products that emerge from R&D fail in product and market
tests, and only 2 become commercial successes. A detailed study of
the R&D portfolio of several chemical and drug firms indicated that,
on the average, about 43 percent of the projects that were Degun
were not technically completad, about 45 percent of those that were
technically completed were not commercialized and about 62 percent
of those commercialized were not sconomic successes -- fhat works
out to a success rate of. approximately 12 percent of the R&D
projects initiated. Though the probability of success varies among
industries and among firms within an industry, the high level of
risk associated with innovation can easily lead to underinvestment
in these activities.
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